Temperature programmed desorption (TPD) was performed at temperatures up to 850K on Cab-O-Sil-M-7D and Hi-Sil-233 silica particles. Physisorbed water molecules on both types of silica had activation energies in the range of 9-14.5 kcal/mol. However, the activation energies of desorption for chemisorbed water varied from ~ 19 kcal/mol to > 59 kcal/mol for Cab-O-Sil-M-7D, and ~ 23-37 kcal/mol for Hi-Sil-233. Our results suggest that physisorbed water can be effectively pumped away at room temperature (or preferably at 320 K) in a matter of hours. Chemisorbed water with high activation energies of desorption (>30 kcal/mol) will not escape the silica surfaces in 100 years even at 320 K, while a significant amount of the chemisorbed water with medium activation energies (19-26 kcal/mol) will leave the silica surfaces in that time span. Most of the chemisorbed water with activation energies < 30 kcal/mol can be pumped away in a matter of days in a good vacuum environment at 500 K. We had previously measured about 0.1-0.4 wt. % of water in M9787 polysiloxane formulations containing ~ 21% Cab-O-Sil-M-7D and ~ 4% Hi-Sil-233. Comparing present results with these formulations, we conclude that absorbed H 2 O and Si-OH bonds on the silica surfaces are the major contributors to water outgassing from M97 series silicones.
I. INTRODUCTION
The M97 series silicone is composed of polysiloxane gumstock (67.6 wt. %), fumed silica filler Cab-O-Sil M-7D (21.6 wt. %), precipitated silica filler Hi-Sil 233 (4 wt. %), and processing aid, chemically an ethoxy endblocked polysiloxane (6.8 wt. %). Silica occupies ~ 25.6 wt. % in these silicones, and silica surfaces are well known to have a good affinity for water adsorption. Absorbed water may play an important role on the bonding between SiO 2 particles and the silicone matrix. The outgassing of water may change the nature of the silica/silicone bonding, even possibly the mechanical behavior of the materials. It may also present a compatibility issue in scaled systems containing M97 type silicones. In a previous report, 1 we have presented data on water desorption from M9787
and M9750 (~ 50 % porosity) silicones up to 500K. In order to clearly understand the mechanism through which water is incorporated into the silicone structures and to effectively control the water content in them, we have carried out experiments on the desorption of water from Cab-O-Sil-M-7D and Hi-Sil-233 silica particles separately and up to 850K.
II. EXPERIMENTS
Small amounts (0.002-0.008 g) of prre-weighted Cab-O-Sil-M-7D or Hi-Sil-233 silica powders were enveloped in a Pt foil with a dimension of 1 cm ´ 1 cm. The side of the envelope facing the mass-spectrometer was perforated with many holes over the entire surface. The loaded foil was held fixed to a sample holder by ways of three mechanical clamps and transferred into an ultrahigh vacuum (UHV) chamber with a base pressure of 10 -6 Pa (4 x 10 -7 Pa in the detector chamber) through a differentially pumped load lock. A type K thermocouple was inserted in between the Pt envelope surface and a clamp holding the envelope for temperature measurement. The samples were heated from the back sides by passing currents through a Tungsten coil located 2 mm behind the samples. The detector chamber is equipped with a quadrupole mass spectrometer (QMS) and has been described in detail elsewhere.
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III. ANALYSIS TECHNIQUES
An approach to the extraction of the kinetic parameters from a TPD spectrum involves the plot of ln(-ds/dt) vs. 1/T at the onset of the desorption, where σ is the surface coverage, T is the desorption temperature, and t is the desorption time. This approach has been reviewed and employed for the analysis of water desorption from M97 series silicones. 1 In this report we will also apply the variable linear ramp and iterative regression analysis techniques to extract the activation energies and pre-exponential factors of water from Cab-O-Sil-M-7D and Hi-Sil-233 silica particles. A discussion on the relative ease of use and accuracy among the three techniques will also be presented.
Variable linear ramp technique:
The rate of desorption from unit surface into vacuum can be written as:
where n is the order of the desorption reaction, s is ratio of surface concentration at time t over the initial surface concentration or surface coverage (dimensionless and varying from 1 to 0), υ is the pre-exponential factor (s -1 ), E d is the activation energy of desorption (J/mol), R is the gas constant (8.314 J.K -1 .mol -1 ), and T is desorption temperature in K.
In the variable linear ramp technique:
At peak desorption temperature T p , and for first-order kinetics (n=1):
Equation (4) yields:
Therefore, the activation energy of desorption E d and the pre-exponential factor υ of the first H 2 O desorption peak in each silica TPD spectrum (which is usually associated with physisorbed water with n = 1) can be obtained from the slope of the plot of ln(β/T p 2 ) vs.
1/T p and its intercept, respectively. Note that due to the presence of the ln(β/T p 2 ) term in equation (5), an accurate extraction of kinetic parameters requires large differences in the ramp rates. With some approximations, equation (5) has also been shown to be valid for n ≠ 1.
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Iterative regression analysis technique:
With a linear heating ramp described in equation (2) , equation (1) can be rewritten as:
By integration, equation (6) becomes:
and
K. H. Van Heek and H. Juntgen 2 have shown that the integral in (8a) and (8b) can be well approximated by:
Substitute σ o = 1 and equation (9) into (8a) and (8b), equation (6) becomes:
With the aid of an iterative regression analysis computer program, equations (10a) and/or (10b) can be used to fit the experimental TPD spectra to obtain υ and E d .
A comparison among the analysis techniques:
The 3 Another unique advantage of the iterative regression analysis technique is that the whole desorption curve (not just the early onset or peak-desorption temperatures) is actually used in the analysis resulting in more accurate kinetic parameters. . 4, 5 Each spectrum can be seen to consist of one desorption peak at temperature below 400 K and broader convoluted desorption peaks at higher temperatures. These peaks are associated with physisorbed and chemisorbed water from silica surfaces. 6, 7 Note that, except for an observed shift of the desorption peaks to higher temperatures, the general features of the TPD spectra do not change with increases in the ramp rate from 0.3 to 3.3 K/s. In agreement with many recent reports on water desorption from silica, we associate the lowest desorption peaks in each spectra to physisorbed water. 6, 7 As will be shown later, physisorbed water can be effectively pumped out in a vacuum environment at room temperature while chemisorbed water cannot. This explains why the ratios of the desorption-peaks at temperatures below 450 K to the desorption-peaks at higher temperatures vary from sample to sample depending on the pumping time prior to TPD experiment as seen in Fig Later on, we will deconvolve these broad and/or extended desorption peaks into distinct desorption curves using the technique of iterative regression analysis to obtain more detailed information on the kinetic parameters associated with these peaks. Since the TPD spectra presented in Fig. 1 It is noted that the orders of reaction in the above tables are based on the assumption that the first desorption peak (<400 K) in each TPD spectrum is physisorbed in origin (n = 1). The second deconvoluted desorption curves (curve IIs) in each spectrum have E d < 16
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kcal/mol and are also classified to have n = 1. Other deconvoluted desorption curves are assumed to be chemisorbed in origin and assigned n = 2. This assignment is in agreement with recently publications of TPD data of water desorption from silica surfaces. 6, 7, 9 In these publications, physisorbed water was reported to have activation energies in the range 
The evolution of H 2 O coverage on the surface of Cab-O-Sil-M-7D and Hi-Sil-233
One question of practical importance in engineering is how the wt. % of water in these silica particles changes with time in vacuum at a given temperature. Assuming a good vacuum (ignoring the problem of water reabsorption from the environment) one may calculate the wt. % of H 2 O retained on the silica surfaces as a function of time as following:
For n = 1
From equation (1), one can write: It is seen that physisorbed water can be effectively pumped out at room temperature or at a slightly elevated temperature of 320 K in a matter of hours. Chemisorbed water with high activation energies of desorption (>30 kcal/mol) essentially will not escape the silica surfaces in 100 years even at 320 K, while a significant amount of the chemisorbed water with medium activation energies (18.5-26.8 kcal/mol) will leave the silica surfaces in that time span. We also see that the outgassing due to water desorption from silica surfaces becomes much faster at 500 K than at 300K. This is not surprising since the temperature term goes exponentially in equations (11) and (12). It is clear from Fig. 7 (e) that a good heat treatment to 500 K for many days would effectively eliminate the problem of water outgassing from the silica surfaces for the next 100 years, provided that the silica surfaces are not re-exposed again to moisture!
Weight percentages of water on as-received Cab-O-Sil-M-7D and Hi-Sil-233
First, the water signals detected at the mass spectrometer was converted to the number of water molecules per second striking a unit area of the entrance orifice of the mass spectrometer chamber through the use of a calibration curve. Since the Pt envelope containing silica powders was only 1-2 mm away from the entrance orifice of the mass spectrometer, it is reasonable to assume that the number of water molecules per second striking a unit area of the entrance orifice of the mass spectrometer chamber is the same as the number of water molecules per second leaving a unit surface area of the front side of the Pt envelope (which has holes poked all over its 1cm x 1cm surface area). The wt. % of water in the silica powder is simply the ratio of the weight of water desorbed and the weight of silica powders and can be obtained as following: report. The information on the kinetic parameters for chemisorbed water in this report is, however, expected to have much more details and to be more accurate than that reported earlier for M9787 silicone. 1 This is partly due to the inherent higher accuracy of the iterative regression analysis technique as mentioned above over the technique based on the Arrhenius plot of ln(-dσ/dt) vs. 1/T , and partly because in the current experiments with silica we have been able to heat the sample from 300 to 850K (instead of from 300 to 500K for M9787), thus enabling more detailed deconvolution of the chemisorbed species.
IV. CONCLUSION
We performed temperature programmed desorption up to 850K on Cab-O-Sil-M-7D
and 
